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(54) Display and method of driving the display 

(57) A display has a panel (41), and first (6) and 
second (8) electrodes. The first and second electrodes 
define a matrix of cells on the panel. The second elec- 
trodes, which correspond to lines of the cells, are 
scanned to select the cell lines one by one. The first 
electrodes are driven to set display data for a selected 
one of the cell lines. The display also has a sequence 



setting unit (461 . 462) for setting sequences of scanning 
the second electrodes, and a sequence selection unit 
(463) for selecting one of the sequences that minimizes 
the current and power consumption of a first-electrode 
driver (42) without deteriorating the quality of the dis- 
played images. 
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Description 

[0001 ] The present invention relates to displays and a 
method of driving a display, and more particularly to dis- 
plays having a matrix of electrodes that is scanned line 
by line to set display data , such as plasma display pan- 
els (PDPs), electroluminescence (EL) panels, and liq- 
uid-crystal cfisplays (LCDs), and a method of driving 
such displays. 

[0002] Displays such as PDPs, EL panels, and liquid- 
crystal displays are getting larger in size and capacity 
and acquiring full-color display capabilities. As a result, 
tte power consumptio^||^ 
^is^g 

[0003] For example, in a three-electrode surface-dis- 
charge alternating-current plasma display panel (3-_ 
el^rtrc^ r suifa^ 
{^djll§^ 

grao^^ sub-frames have respec- 

tive sustairTperiods^wh^e lengths differ from one 
another to display gradation levels in combination, and 
each sub-frame consists of a reset period, an address- 
ing period, and a sustain period. The reset period sets 
all of the Y-electrodes and applies write pulses to all of 
the addressing electrodes and X-electrodes. As a 
result, every cell causes a discharge and neutralizes 
itself (self-erase discharge). 

[0004] In previously proposed PDPs, the Y-electrodes 
have only been sequentially scanned and this sequence 
has never been changed. Further, the resolution of dis- 
plays, i.e. the number of lines on the screen of a display, 
has been increased, which has led to an increase in the 
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[0006] TTie^powerarequinedjtQ^^ 
electrodes is determined by the capacitance, driving 
voltage, arxJdrivingirequerxyiOfiff^lectrbdes. Among 
them, only the driving frequency is control labia* Aicorfc, 
ventionalg,^^ 45 
^ rtiasi&ri gj^^ 

fr am^jip t eachiframeMig ys technique results in reducing 
the number of gradation levels to be displayed, thereby 
deteriorating the quality of images to be displayed. 
[0007] It is desirable to provide a display capable of so 
reducing its current and power consumption without 
deteriorating the quality of displayed images, and a 
method of driving such a display. 
[0008] According to an embodiment of a first aspect of 
the present invention, there is provided a display having ss 
a panel, and first and second electrodes; the first and 
second electrodes defining a matrix of cells on the 
panel; the second electrodes, which correspond to lines 



of the cells, being scanned to select cell lines one by 
one; the first electrodes being driven to set display data 
for a selected one of t he i cel l J in es. wherein the display 

comprises ^S^^^^^^®^9^^Ml^^ 5e * lin 9 
sequences of scanning the second electrodes; and a 
sequence selection unit for selecting one of the 
sequences. 
[0009] 




tfiatjjrm pie display 

map^ unit for 

detecting differences between display data set for the 
cell lines; and an upper limit setting unit for setting an 
upper limit so that one of the sequences that sup- 
presses the differences to below the upper limit is 
selected.Th^ 
of two. T rjlSsle^ 



&*lectiQ^^ 

[0010] The first electrodes may be addressing elecO 
trades, and the second electrodes may be scan elec-f 
trodes. The display may further comprise an address V 
driver for driving the addressingje[ectrod^; j 

aio^Aais ^uerj 



i^^^^^^m^ 

chapgimiurMte^ 



30 second electrodes to minimize the current or poweo 



[0011] The display may further comprise a cur- 
rent/power value evaluation unit for evaluating a current 
or power value of the address driver according to dis- 
play data set for the cell lines so that one of the 
sequences that minimizes the current or power value is 
selected. The display may further comprise a reference 
value setting unit for setting a reference value so that 
one of the sequences that suppresses the current or 
power value to below the reference value is selected. 
[0012] The display may further comprise a cur- 
rent/power value evaluation unit for evaluating a current 
or power value of the address driver according to dis- 
play data set for the cell lines; and a reference value set- 
ting unit for setting a reference value so that one ot the 
sequences that suppresses the current or power value 
to below the reference value is selected. The display 
may further comprise a current/power valu e evaluation 
unit fo r evaluating a current or power value of the 
address driver beforehand according to display data set 
for the cell lines; and a reference value setting unit for 
setting a reference value so that one of the sequences 
that suppresi^theqg ^^ 

refererKB!>y ^,e^is^sele(rtedr^ [he display may further 
comprise a display data supplying unit for supplying dis- 
play data line by line to the first electrodes according to 
the selected sequence of scanning the second elec- 
trodes. 
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[001 3] The display may be a plasma display; a frame 
of display data may be divided into a plurality of sub- 
frames that are selectively combined to display grada- 
tions; and each of the sub-frames may at least include 
. an addressing period and a sustain period. The panel 
may be a three-electrode surface-discharge art ernati re- 
current plasma display panel having third electrodes 
that run in parallel with the second electrodes and 
applying an alternating voltage to the second and third 
electrodes to repeat a sustain cfischarge. 
[001 4] Further, according to an embodiment of a sec- 
ond aspect of the present invention, there is provided a 
display having a panel, and first and second electrodes; 
the first and second electrodes defining a matrix of cells 
on the panel; the second electrodes, which correspond 
to lines of the cells, being scanned to select cell lines 
one by one; the first electrodes being driven to set dis- 
play data for a selected one of the cell lines, wherein the 
display comprises a sequence setting unit for optionally 
setting a sequence of scanning the second electrodes. 
[001 5] The display may further comprise a difference 
detection unit for detecting differences between display 
data set for the cell lines so that the second electrodes 
are scanned in a sequence to minimize the differences. 
The display may further comprise a difference detection 
unit for detecting differences between display data set 
for the cell lines; and an upper limit setting unit for set- 
ting an upper limit so that the second electrodes are 
scanned in a sequence to suppress the differences to 
below the upper limit The sequence setting unit may 
divide the second electrodes into blocks and sets a 
sequence of scanning the second electrodes in each of 
the blocks. 

[0016] The first electrodes may be addressing elec- 
trodes, and the second electrodes may be scan elec- 
trodes. The display may further comprise an address 
driver for driving the addressing electrodes; a cur- 
rent/power detection unit for detecting a current or 
power value of the address driver; and a sequence 
changing unit for changing a sequence of scanning the 
second electrodes to minimize the current or power 
value. 

[0017] The display may further comprise a cur- 
rent/power evaluation unit for evaluating a current or 
power value of the address driver according to display 
data set for the cell lines so that the second electrodes 
are scanned in a sequence to minimize the current or 
power value. The display may further comprise a refer- 
ence value setting unit for setting a reference value so 
that the second electrodes are scanned in a sequence 
to suppress the current or power value to below the ref- 
erence value. The display may further comprise a cur- 
rent/power evaluation unit for evaluating a current or 
power value of the address driver according to display 
data set for the cell lines; and a reference value setting 
unit for setting a reference value so that the second 
electrodes are scanned in a sequence to suppress the 
current or power value to below the reference value. 



The display may further comprise a currentfaower eval- 
uation unit for evaluating a current or power value of the 
address driver beforehand according to display data set 
for the cell lines; and a reference value setting unit for 

5 setting a reference value so that the second electrodes 
are scanned in a sequence to suppress the current or 
power value to below the reference value. 
[0018] The display may further comprise a display 
data supplying unit for supplying display data line by line 

w to the first electrodes according to the determined 
sequence of scanning the second electrodes. The dis- 
play may be a plasma display; a frame of display data 
may be divided into a plurality of sub-frames that are 
selectively combined to display gradations; and each of 

is the sub-frames may at least include an addressing 
period and a sustain period. The panel may be a three- 
electrode surface-discharge alternating-current plasma 
display panel having third electrodes that run in parallel 
with the second electrodes and applying an alternating 

20 voltage to the second and third electrodes to repeat a 
sustain discharge. 

[0019] According to an embodiment of a third aspect 
of the present invention, there is provided a method of 
driving a display having a panel, and addressing and 

25 scan electrodes, the addressing and scan electrodes 
defining a matrix of cells on the panel; the scan elec- 
trodes, which correspond to lines of the cells, being 
scanned to select the cell lines one by one; the address- 
ing electrodes being driven to set display data for a 

30 selected one of the cell lines, wherein the method com- 
prises the steps of setting sequences of scanning the 
scan electrodes; detecting a current or power value of 
an address driver for driving the addressing electrodes; 
and selecting one of the sequences in accordance with 

35 the detected current or power value. 

[0020] The sequences may be set based on powers of 
two. 

[0021] Further, according to an embodiment of a 
fourth aspect of the present invention, there is provided 

40 a method of driving a display having a panel, and 
addressing and scan electrodes, the addressing and 
scan electrodes defining a matrix of cells on the panel; 
the scan electrodes, which correspond to lines of the 
cells, being scanned to select the cell lines one by one; 

45 the addressing electrodes being driven to set display 
data for a selected one of the cell lines, wherein the 
method comprises the steps of detecting a current or 
power value of an address driver for driving the 
addressing electrodes; and optionally setting a 

so sequence of scanning the scan electrodes in accord- 
ance with the detected current or power value. 
[0022] The method may further comprise the steps of 
dividing the scan electrodes into blocks; and setting a 
sequence of scanning the scan electrodes in each of 

55 the blocks. 

[0023] Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 
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Fig. 1 shows a previously-considered 3-electrode, 
surface-discharge AC PDP; 
Fig. 2 is a sectional view taken along an addressing 
electrode showing the structure of a cell of the PDP 
of Fig. 1; 

Fig. 3 is a sectional view taken along a sustain elec- 
trode showing the structure of the cell of Fig. 2; 
Rg. 4 is a block cfiagram showing a display employ- 
ing the PDP of Rg. 1; 

Rg. 5 is a timing chart shewing a gradation control 
technique using sub-frames carried out on the PDP 
display of Fig. 4; 

Rg. 6 shows waveforms for driving the PDP display 
of Rg. 4; 

Rg. 7 is a block diagram showing a previously-con- 
sidered display; 

Rg. 8 is a timing chart showing the operation of the 
display of Fig. 7; 

Rg. 9 is a block diagram showing a display accord- 
ing to a first embodiment of the present invention; 
Rg. 10 is a timing chart showing the operation of 
the cfisplay of Rg. 9; 

Rg. 1 1 is a flowchart showing a control sequence of 
the cfisplay of Rg. 9; 

Rgs. 12A to 12C show changes occurring in elec- 
trodes when displaying a pattern; 
Rgs. 13A to 13C show changes occurring in elec- 
trodes when displaying another pattern; 
Rgs. 14 to 16 show changes occurring in elec- 
trodes with respect to different patterns; 
Rg. 17 is a block diagram showing a display 
according to a second embodiment of the present 
invention; 

Fig. 1 8 is a timing chart showing a 3-line-jump oper- 
ation of the display of Rg. 1 7; 
Rg. 1 9 shows the operation of a sequential address 
generator of the display of Rg. 17; 
Rg. 20 shows the operation of a 1 -line-jump 
address generator of the display of Rg. 17; 
Rg. 21 shows the operation of a 3-line-jump 
address generator of the display of Rg. 1 7; 
Rg. 22 is a block diagram showing a display 
according to a third embodiment of the present 
invention; 

Fig. 23 is a block diagram showing a display 
according to a fourth embodiment of the present 
invention; 

Fig. 24 is a block diagram showing a difference 
detector circuit of the display of Rg. 23; 
Rg. 25 is a block diagram showing a difference 
detector contained in the difference detector circuit 
of Fig. 24; 

Fig. 26 shows a circuit for generating control signals 
for latches contained in the difference detector cir- 
cuit of Rg. 24; 

Rg. 27 is a timing chart showing the operation of 

the cfifference detector circuit of Rg. 24; 

Fig. 28 is a block diagram showing a scan 



sequencer of the display of Rg. 23; and 
Rg. 29 shows the operation of an address genera- 
tor of the display of Rg. 23. 

5 [0024] For a better understanding of the preferred 
embodiments of the present invention, some of the 
problems associated with previously-considered dis- 
plays will first be explained. 

[0025] There are known flat displays that employ 

ro PDPs (plasma display panels), EL (electrolumines- 
cence) elements, LCDs (liquid-crystal displays), VFDs 
(vacuum fluorescent displays), and LEDs (light emitting 
diodes). Embodiments of the present invention are 
applicable to any of these displays. Hereafter, embodi- 

75 ments of the present invention are explained in connec- 
tion with plasma displays, in particular, three-electrode 
surface-discharge alternating-current plasma displays 
(3-electrode, surface<Jischarge AC plasma displays). 
[0026] An AC plasma display has two types of sustain 

20 electrodes, i.e. X- and Y-electrodes to which pulses are 
alternately applied to repeatedly discharge the elec- 
trodes and emit light therefrom. One period of discharge 
lasts for one to several microseconds after the applica- 
tion of a pulse. The discharge produces positively 

25 charged ions and negatively charged electrons. The 
ions accumulate on an insulation layer over an elec- 
trode to which a negative voltage is applied, and the 
electrons accumulate on the insulation layer over an 
electrode to which a positive voltage is applied. These 

30 accumulated ions and electrons are generally called 
'wall charge." 

[0027] l&s&l&arfaqptiGefliQf^ 
write pulse of hig h voltage is applied thereto. Biegwite 
puteercauses*a disaw^^ 
35 thejjcelt ^vS^^^ 

that of the write pulse and whose voltage i s lower than 
that of the write pulse is applied to the cell.*Tn^Su^Bv> 
,pujse,jgiises?a?disc^ 

This increases a voltage with respect to a discharge 
40 space in the cell above a discharge threshold, to start a 
discharge in the cell. Once a cell of the display accumu- 
lates wall charge due to a write discharge, the cell 
repeats a discharge whenever sustain pulses of oppo- 
site polarities are alternately applied thereto. This is 
45 called a memory effect or a memory function of the cell. 
AC PDPs use the memory effect to display information 
thereon. 

[0028] There are 2-electrode AC PDPs and 3-elec- 
trode AC PDPs. The 2-electrode AC PDPs employ two 

so electrodes to carry out addressing discharge and sus- 
tain discharge in each cell. The 3-electrode AC PDPs 
additionally employ electrodes of a third type to carry 
out addressing discharge in each cell. Color PDPs for 
displaying gradations cause discharge in cells to pro- 

55 duce ultraviolet rays that excite phosphor contained in 
the cells. The phosphor is vulnerable to the impact of 
positively charged ions that are produced when the cells 
are discharged. The 2-electrode AC PDPs have a struc- 
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ture to make ions directly hit the phosphor, which short- 
ens the service life of the phosphor. 
[0029] To avoid this, the 3-electrode AC PDPs are 
usually used for color displays. There are two types of 3- 
electrode AC PDPs. One type arranges two types of 
sustain electrodes, i.e. X- and Y-electrodes as well as 
electrodes of a third type on the same substrate. The 
other type arranges X- and Y-electrodes on a substrate 
and third electrodes on an opposite substrate. The 
PDPs that form the three types of electrodes on the 
same substrate are classified into two categories. One 
category forms the third electrodes on the sustain elec- 
trodes, and the other forms the third electrodes under 
the sustain electrodes. There are transmission PDPs 
that make phosphors emit and transmit visible light 
toward viewers, and there are reflection PDPs that 
make phosphors emit and reflect visible light toward 
viewers. Cells of the PDPs are spatially isolated from 
one another by barriers. Some PDPs surround every 
cell with barriers so that the cells are completely iso- 
lated from one another. Some PDPs form barriers along 
opposite edges of each cell and isolate the other oppo- 
site edges by proper electrode gaps. 
[0030] Each example mentioned below relates to a 
reflection-type PDP display having two types of sustain 
electrodes on a substrate, addressing electrodes on an 
opposite substrate, and barriers along the addressing 
electrodes orthogonally to the sustain electrodes. Each 
sustain electrode is partly formed with a transparent 
electrode. Embodiments of the present invention are 
also applicable to other types of PDP displays, EL dis- 
plays, LCDs, VFDs, LED displays, etc. 
[0031] Previously-proposed cfisplays will now be 
explained in more detail. Figure 1 shows a previously- 
considered 3-electrode, surface-discharge AC PDP. 
Figure 2 is a sectional view taken along an addressing 
electrode shewing one light emitting cell of the PDP of 
Fig. 1 . Figure 3 is a sectional view taken along a line L0 
of Fig. 2, showing the cell of Fig. 2. 
[0032] The PDP 1 includes barriers 2, the cells 3 for 
emitting light, a front substrate 4 made of glass, a rear 
substrate 5 made of glass, addressing electrodes 6, X- 
electrodes 7, Y-electrodes 8, phosphor 9, a dielectric 
layer 1 0, and a protective film 1 1 made of MgO. 
[0033] The PDP 1 is basically structured with the sub- 
strates 4 and 5. The X-electrodes 7 and Y-electrodes 8 
(Y1 to Yn) run in parallel with one another and are 
formed on the front substrate 4. The front substrate 4 
faces the rear substrate 5 on which the addressing elec- 
trodes 6 (A1 to Am) are formed orthogonally to the X- 
and Y-electrodes. Each of the X-electrodes 7 is made of 
a transparent electrode 71 and a bus electrode 72. 
Each of the Y-electrodes 8 is made of a transparent 
electrode 81 and a bus electrode 82. The X- and Y-elec- 
trodes serve as sustain electrodes to which an AC volt- 
age is applied to trigger sustain discharge. 
[0034] The phosphor 9 produces a reflected beam 12. 
To transmit the reflected beam 1 2, the transparent elec- 



trodes 71 and 81 are made of, for example, ITO whose 
main component is an indium oxide that is transparent. 
The bus electrodes 72 and 82 are made of low-resist- 
ance metal such as Cr (chrome) and Cu (copper) to pre- 

5 vent a voltage drop due to electrode resistance. The 
transparent electrodes 71 and 81 and bus electrodes 72 
and 82 are covered with the dielectric layer 10 made of, 
for example, glass to insulate the electrodes. The die- 
lectric layer 10 is covered with the protective film 11 

10 made of MgO (magnesium oxide). 

[0035] The addressing electrodes 6 are formed on the 
rear substrate 5 that feces the front substrate 4. The 
addressing electrodes 6 are orthogonal to the sustain 
electrodes 7 and 8. The barrier 2 is formed between the 

is adjacent addressing electrodes 6. The addressing elec- 
trode 6 between the adjacent barriers 2 is covered with 
the phosphor 9 having a light emitting characteristic of 
red, green, or blue. 

[0036] The ridges of the barriers 2 are attached to the 
20 protective film 11, and a discharge gas is sealed 
between the substrates 4 and 5, to complete the cells 3 
of the PDP 1 . The cells 3 are bordered with the barriers 
2 and are positioned at intersections of the sustain elec- 
trodes 7 and 8 and the addressing electrodes 6. Dis- 
25 charge in the cell 3 is mainly caused by the sustain 
electrodes 7 and 8. A given cell is selected by a dis- 
charge caused by the corresponding addressing elec- 
trode 6 and Y-electrode 8. 

[0037] A discharge space in each cell is separated by 

30 the barriers 2 so that the cell may discretely cause dis- 
charge. The discharge produces ultraviolet rays, which 
make the phosphor 9 emit a beam to produce the reflec- 
tion beam 12. The cells 3 are arranged in an "m x n" 
matrix to form the PDP 1. The addressing electrodes 6 

35 range from A1 to Am, and Y-electrodes 8 from Y1 to Yn. 
The X-electrodes 7 are commonly connected together. 
[0038] Figure 4 is a block diagram shewing a PDP dis- 
play employing the PDP 1 of Fig. 1. The PDP display 
has peripheral circuits for driving the PDP 1. 

40 [0039] The display includes a control circuit 27, a dis- 
play data controller 28, a frame memory 29, a panel 
controller 20, a scan driver controller 21, a common 
driver controller 22, an address driver 23, a Ydriver 24, 
a common Ydriver 25, and a common X-driver 26. 

45 [0040] The display employs a dot clock signal CLOCK, 
display data DATA (for example, 8-bit display data for 
each of three primary colors to realize 256 gradations), 
a vertical synchronizing signal VSYNC to indicate the 
start of a frame, and a horizontal synchronizing signal 

so HSYNC to indicate the start of a line. 

[0041 ] The control circuit 27 has the display data con- 
troller 28 and panel controller 20. The display data con- 
troller 28 stores display data in the frame memory 29 
and provides the address driver 23 with the display data 

55 and control signals including a transfer clock signal 
according to the driving timing of the PDP 1. The panel 
controller 20 determines the timing of a high-voltage 
waveform applied to the PDP 1 and has the scan driver 
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controller 21 and common driver controller 22. 
[0042] The addressing electrodes A1 to Am are indi- 
vidually connected to the address driver 23, which 
applies addressing pulses to the addressing electrodes 
to cause addressing discharge. The Y-electrodes Y1 to s 
Yn are individually connected to the Ydriver 24, which 
is connected to the common Ydriver 25. The Ydriver 24 
generates pulses to select a line during an addressing 
period. The common Ydriver 25 generates sustain 
pulses, which are applied to the Y-electrodes Y1 to Yn 10 
through the Ydriver 24. The X-electrodes 7 are com- 
monly connected to cover all display lines of the PDP 1 
and are controlled by the common X-driver 26 that is 
connected to the common driver controller 22. The com- 
mon X-driver 26 generates write pulses and sustain 75 
pulses. These drivers are controlled by the control cir- 
cuit 27, which is controlled by external signals including 
VSYNC, HSYNC, CLOCK, and DATA. 
[0043] Figure 5 is a timing chart showing a gradation 
control technique using sub-frames carried out on the 20 
PDP display of Fig. 4, and Fig. 6 shows waveforms for 
driving the PDP display of Fig. 4. 
[0044] To display gradations on the PDP display of 
Fig. 4, the technique of Fig. 5 divides a frame Tf into 
sub-frames 1 SF to jSF (for example, j = 8) to which dis- 25 
play data bits are assigned, respectively. The sub- 
frames 1SF to 8SF have respective sustain periods 
whose lengths differ from one another to display grada- 
tion levels in combination. If each piece of display data 
consists of T bits to realize 2> gradation levels, every 30 
frame is divided into j sub-frames having sustain peri- 
ods Ts-sfQ) of the ratio of 1 :2:4:8:...2j~ 1 . The sub-frames 
have each an identical addressing period Ta-sf. 
[0045] Each sub-frame consists of a reset period, an 
addressing period, and a sustain period. The reset 35 
period sets all of the Y-electrodes Y1 to Yn to 0 V and 
applies write pulses to all of the addressing electrodes 
A1 to Am and X-electrodes 7. As a result every cell 
causes a discharge and neutralizes itself. This is a self- 
erase ^^^^mmss^^^^M^^^^^S^^ 40 

ce^i^^Jj^^^^^^^g^^^^taS^^^I 

<yjusareB^ r ^ 
cgfle^^ 

[0047] In the addressing period, the address driver 23 
applies addressing pulses A(1 ) to A(m) according to dis- 
play data to the addressing electrodes A1 to Am. At the so 
same time, the Ydriver 24 applies selection pulses to 
the Y-electrodes Y1 to Yn. During the sustain period, the 
common Ydriver 25 applies sustain pulses to the Y- 
electrodes Y1 to Yn. The X-electrodes 7 are commonly 
connected to the common X-driver 26, which applies ss 
common pulses to the X-electrodes.^ 




plarone^T'tn^ 
[0049] Figure 7 is a block diagram showing a previ- 
ously-considered display, and Fig 8 is a timing chart 
showing the operation of the display of Fig. 7. 
[0050] The display has a panel 31 , an address driver 
(A-driver) 32, a Ydriver 33, a line counter 34, an 
address generator 35, a shift register 36, and a memory 
37. The A-driver 32, Ydriver 33, and memory 37 corre- 
spond to the address driver 23, Ydriver 24, and frame 
memory 29 of Fig. 4. The shift register 36 is installed in 
the scan driver controller 21, and the counter 34 and 
address generator 35 are installed in the display data 
controller 28 of Fig. 4. The memory 37 may consist of 
two frame memories so that data is written into one of 
them while data is transferred from the other to the 
panel 31 with the use of the sub-frame technique. In Fig 
7, a frame of display data is present in the memory 37 
and is read therefrom into the panel 31 . 
[0051] The shift register 36 is used to scan the panel 
31 line by line according to shift data and a shift clock 
signal. The address generator 35 converts the output of 
the counter 34 into an address of the memory 37 at 
which display data tor a presently scanned line of the 
panel 31 is read. 

[0052] The operation of the display of Fig. 7 will be 
explained with reference to Fig. 8. To write data into the 
panel 31 , the prior art applies a clear pulse CLR at the 
start of each of the sub-frames 1 SF to jSF (Rg. 5). The 
Ydriver 33 sequentially selects the Y-electrodes Y1 to 
Yn in response to a scan clock signal SCLOCK. Display 
data for a scanned Y-electrode is supplied from the 
memory 37 to the A-driver 32, which applies the display 
data to the addressing electrodes A1 to Am. 
[0053] More precisely, the counter 34 receives the 
clear pulse CLR and scan clock signal SCLOCK and 
makes the address generator 35 specify display data for 
a scanned Y-electrode. For example, if the Y-electrode 
Y1 is scanned, data pieces for cells (1,1), (2, 1), (3, 1), 
.... and (m, 1) on the Y-electrode Y1 are applied to the 
addressing electrodes A1 to Am. ff the Y-electrode Y2 is 
scanned, data pieces for cells (1, 2), (2, 2), (3, 2), 
and (m, 2) on the Y-electrode Y2 are applied to the 
addressing electrodes A1 to Am. If the Y-electrode Yn is 
scanned, data pieces for cells (1, n), (2, n), (3, n), .... 
and (m, n) on the Y-electrode Yn are applied to the 
addressing electrodes A1 to Am. 
[0054] In this way, the prior art scans the Y-electrodes 

only in a sequence of Y1, Y2, Y3 Yn, and this 

sequence is neve r changed. 
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voltage, and driving frequency of the electrodes. Among 
them, only the driving frequency is controllable. A con- 
ventional technique drops the driving frequenc y by 10 
masking display data or by reducing the number of sub- 
frames in each frame. This technique results in reducing 
the number of gradation levels to be displayed, thereby 
deteriorating the quality of images to be displayed. 
[0058] Next, displays and display driving methods 75 
according to preferred embodiments of the present 
invention will be explained with reference to the draw- 
ings. 

[0059] Figure 9 is a block diagram showing a display 
according to the first embodiment of the present inven- 20 
tion, and Fig. 10 is a timing chart showing the operation 
of the display. 

[0060] The display has a panel 41 , an address driver 
(A<Jriver) 42, a Ydriver 43, a counter 44, a first address 
generator 451, a second address generator 452, an 25 
address selector 453, a first scan sequencer 461 , a sec- 
ond scan sequencer 462, a scan selector 463, a mem- 
ory 47, a detector 481 , and a controller 482. 
[0061] The A-driver 42, Ydriver 43, and memory 47 
correspond to the address driver 23, Ydriver 24, and 30 
frame memory 29 of Fig. 4. The first scan sequencer 
461 , second scan sequencer 462, and scan selector 
463 are installed in the scan driver controller 21 of Fig. 
4. The counter 44, first address generator 451 , second 
address generator 452, address selector 453, detector 35 
481 , and controller 482 are installed in the display data 
controller 28 of Fig. 4. Although the display of Fig. 9 has 
two address generators and two scan sequencers, the 
numbers of these devices are optional. 
[0062] The first address generator 451 generates 40 
addresses of the memory 47 according to a Y-electrode 
scan sequence provided by the first scan sequencer 

461. The second address generator 452 generates 
addresses of the memory 47 according to a Y-electrode 
scan sequence provided by the secondscar^^uencer 
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[0064] The relationship between data read out of the 
memory 47 according to selection made by the address 
selector 453 and the Y-electrodes scanned according to 
selection made by the scan selector 463 is the same as 
that of the previously-considered displays, except the 
order of scanning the Y-electrodes. 
[0065] An example of a data write operation to the 
panel 41 according to the first embodiment will be 
explained with reference to Fig. 10. At the start of each 
sub-frame (Fig. 5), a clear pulse CLR is applied. The Y- 
driver 43 scans the Y-electrodes Y1 to Yn according the 
output of the scan sequencer selected by the scan 
selector 463. At the same time, the address selector 
453 selects the address generator that corresponds to 
the selected scan sequencer and supplies the output of 
the selected address generator to the memory 47. As a 
result, the A-driver 42 supplies display data correspond- 
ing to the scanned Y-electrode to the addressing elec- 
trodes A1 to Am. 

[0066] For example, if the Y-electrodes are scanned in 
order of Y1 , Y3, .... and Yn-1, and then, Y2, Y4, and 
Yn, display data is supplied to the addressing elec- 
trodes A1 to Am in order of (1, 1) to (m, 1), (1, 3) to (m, 

3) and (1. n-1) to (m. n-1), and then. (1, 2) to (m, 2), 

(1 , 4) to (m, 4), .... and (1 , n) to (m, n). 
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sequence of the display of Fig. 9. 
[0069] Step ST1 selects a scan sequence 1 to select 
the output of the first address generator 451 . Step ST2 
detects the power consumption "P1" of the A-driver 42, 
i.e. a current flawing to the A-driver 42 based on the 
scan sequence 1 . 

[0070] Step ST3 selects a scan sequence 2 to select 
the output of the second address generator 452. Step 
ST4 detects the power consumption "P2 N of the A-driver 
42 based on the scan sequence 2. 
[0071] Step ST5 checks to see if P1 < P2. If P1 < P2, 
step ST7 selects the scan sequence 1 of smaller power 
consumption. Step ST8 detects a new power consump- 
tion value P1 based on the scan sequence 1. Step ST9 
checks to see if P1 <P2. If PI < P2, the flow returns to 
step ST8, and if not, the scan sequence 1 is maintained 
until P1 >= P2. 

[0072] ff P1 >= P2 in step ST5, step ST6 detects a 
new power consumption value P2 based on the scan 
sequence 2, and step ST5 is repeated. This loop is 
repeated to maintain the scan sequence 2 until step 
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ST5 determines that P1 < P2. 
[0073] In this way, the first embodiment detects power 
consumption values P1 and P2 of the A-driver 42 based 
on scan sequences 1 and 2, compares the values P1 
and P2 with each other, and always selects one of the s 
scan sequences 1 and 2 that provides a lower power 
consumption value. Although the number of scan 
sequences is two in the above example, any number of 
scan sequences are employable for other embodiments 
of the present invention. 10 
[0074] Figures 12A to 16 explain changes in elec- 
trodes with respect to various patterns to be displayed. 
[0075] In Fig. 12A, a "4 x 4" matrix of 16 cells (pixels) 
displays a checkered pattern with Y-electrodes Y1 to Y4 
and addressing electrodes (A-electrodes) A1 to A4. is 
[0076] Figure 1 2B shows a scan sequence that scans 
the Y-electrodes in order of Y1 , Y2, Y3, and Y4. In this 
sequence, the levels of the A-electrodes A1 to A4 
change from 0 to 1 and from 1 to 0 as shown in the fig- 
ure. Namely, they show 12 changes in total with each A- 20 
electrode showing three changes. 
[0077] Figure 1 2C shows a scan sequence that scans 
the Y-electrodes in order of Y1 , Y3, Y2, and Y4. In this 
case, the A-electrodes A1 to A4 show four changes in 
total with each A-electrode showing one change. 25 
[0078] When displaying the checkered pattern of Fig. 
12A, the scan sequence of Fig. 1 2C greatly reduces the 
power consumption of a driver for driving the A-elec- 
trodes compared with the scan sequence of Fig. 12B. 
[0079] Figure 13A shows another checkered pattern 30 
displayed on the same display as that of Fig. 12 A. 
[0080] Figure 1 3B shows a scan sequence that scans 
the Y-electrodes in order of Y1 , Y2, Y3, and Y4. In this 
case, the A-electrodes A1 to A4 shew four changes in 
total with each A-electrode shewing one change. 35 
[0081 ] Figure 1 3C shows a scan sequence that scans 
the Y-electrodes in order of Y1. Y3, Y2, and Y4. In this 
case, the A-electrodes A1 to A4 show 12 changes with 
each A-electrode showing three changes. 
[0082] When displaying the checkered pattern of Fig. 40 
1 3A, the scan sequence of Fig. 1 3B greatly reduces the 
power consumption of the driver for driving the A-elec- 
trodes compared with the scan sequence of Fig. 1 3C. 
[0083] Figure 14 shows a "16 x16" matrix of 256 cells 
(pixels) having Y-electrodes Y1 to Y16 and A-electrodes 45 
A1 to A1 6. The matrix displays stripes that alternate line 

by line. A normal scan sequence of Y1, Y2, Y3, Y4 

Y15, and Y16 causes 240 changes in total in the levels 
of the A-electrodes A1 to A16. An odd-even scan 
sequence of Y1 , Y3, Y5, Y7, .... Y15, and then, Y2, Y4, so 
Y6, Y8, Y14, and Y16 causes 16 changes in total in 
the levels of the A-addresses A1 to A16. Consequently, 
the odd-even scan sequence greatly reduces the power 
and current consumption of a driver for driving the A- 
electrodes. ss 
[0084] Figure 1 5 shows a checkered pattern displayed 
on the same display as that of Fig. 14. The normal scan 
sequence mentioned above causes 240 changes in 
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total in the levels of the A-electrodes A1 to A16, and the 
odd-even scan sequence mentioned above 1 6 changes. 
Consequently, the odd-even scan sequence can greatly 
reduce the power and current consumption of the driver 
for driving the A-electrodes. 

[0085] Figure 16 shows a pattern displayed on the 
same display as that of Fig. 14. The normal scan 
sequence mentioned above causes 121 changes in 
total in the levels of the A-electrodes A1 to A16, and the 
odd-even scan sequence mentioned above 61 changes. 
Consequently, the odd-even scan sequence can greatly 
reduce the power and current consumption of the driver 
for driving the A-electrodes. In addition to the normal 
and odd-even scan sequences explained with reference 
to Figs. 1 4 to 16, a variety of scan sequences are possi- 
ble according to an embodiment of the present inven- 
tion. 

[0086] Figure 1 7 is a block diagram showing a display 
according to the second embodiment of the present 
invention. The display has a panel 51 , an address driver 
(A-drrver) 52, a Y-driver 53, a counter 54, a sequential 
address generator 551, a 1 -line-jump address genera- 
tor 552, a 3-line-jump address generator 553, an 
address selector 554, a sequential scan sequencer 561 , 
a 1 -line-jump scan sequencer 562, a 3-line-jump scan 
sequencer 563, a scan selector 564, a memory 57, a 
detector 581, a controller 582, and a reference setter 
583. 

[0087] The A-driver 52, Y-driver 53, and memory 57 
correspond to the address driver 23, Y-driver 24, and 
frame memory 29 of Fig. 4. The sequential scan gener- 
ator 561, 1 -line-jump scan sequencer 562, 3-line-jump 
scan sequencer 563, and scan selector 564 are 
installed in the scan driver controller 21 of Fig. 4. The 
counter 54, sequential address generator 551, 1 -line- 
jump address generator 552, 3-line-jump address gen- 
erator 553, address selector 554, detector 581 , control- 
ler 582, and reference setter 583 are installed in the 
display data controller 28 of Fig. 4. 
[0088] The display of the second embodiment is char- 
acterized by the sequential address generator 551, 1- 
line-jump address generator 552, 3-line-jump address 
generator 553, sequential scan sequencer 561, 1 -line- 
jump scan sequencer 562, and 3-line-jump scan 
sequencer 563 that select one of three scan sequences 
to minimize the current and power consumption of the 
A-driver 52. Although the second embodiment uses 
sequential, 1 -line-jump, and 3-line-jump scan 
sequences each of which is a power of 2, other embod- 
iments of the present invention may employ address 
generators and scan sequencers that realize 7-line- 
jump, 15-line-jump, or any other sequences. The panel 
51 of Fig. 17 has 1024 Y-electrodes Y1 to Y1024 and 
1280 addressing electrodes (A-electrodes) A1 to 
A1280. 

[0089] The detector 581 detects the current or power 
consumption of the A-driver 52 in response to the out- 
puts of the sequential address generator 551, 1-line- 
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jump address generator 552, and 3-line-jump address 
generator 553. The address selector 554 selects one of 
the outputs of the address generators 551 to 553 that is 
determined to be the smallest by the detector 581. At 
the same time, the scan selector 564 selects one of the s 
sequencers 561 to 563 that corresponds to the output 
selected by the address selector 554. 
[0090] For example, if the detector 581 determines 
that the output of the sequential address generator 551 
minimizes a current flowing through the A-driver 52, the 10 
address selector 554 selects the output of the sequen- 
tial address generator 551, and the scan selector 564 
selects the output of the sequential scan sequencer 
561 . If the output of the 1 -line-jump address generator 
552 is determined to minimize a current flowing through 15 
the A-driver 52, the address selector 554 selects the 
output of the 1 -line-jump address generator 552, and 
the scan selector 564 selects the output of the 1 -line- 
jump scan sequencer 562. If the output of the 3-line- 
jump address generator 553 is determined to minimize 20 
a current flowing through the A-driver 52, the address 
selector 554 selects the output of the 3-line-jump 
address generator 553, and the scan selector 564 
selects the output of the 3-line-jump scan sequencer 
563. 25 
[0091 ] The reference setter 583 sets a reference value 
of a current (power) flowing through the A-driver 52. If 
an actual current flowing through the A-driver 52 is 
smaller than the reference value, the present scan 
sequence is maintained, and if not, the present scan 30 
sequence is changed to the output of another scan 
sequencer that brings the current below the reference 
value. Trie reference value is set in consideration of var- 
ious display patterns so that at least one of the outputs 
of the scan sequencers 561 to 563 may bring an actual 35 
current passing through the A-driver 52 below the refer- 
ence value. 

[0092] A sequential scan set by the sequential scan 
sequencer 561 sequentially scans the Y-electrodes in 

order of Y1, Y2 f Y3, Y4 Y1023, and Y1024. One- 40 

line-jump scan set by the 1 -line-jump scan sequencer 
562 scans, for example, odd Y-electrodes and then even 
Y-electrodes in order of Y1, Y3, Y5. Y7, .... Y1021, and 
Y1023, and then, Y2, Y4, Y6, Y8, .... Y1022, and Y1024. 
[0093] Figure 1 8 is a timing chart showing 3-line-jump 45 
scan set by the 3-line-jump scan sequencer 563. 
[0094] This sequence scans the Y-electrodes in order 

of Y1 , Y5, Y9, Y13 Y1017, and Y1021 , then, Y2, Y6, 

Y10, Y14, Y1018, and Y1022, then, Y3, Y7, Y11, 
Y15, .... Y1019, and Y1 023, and then, Y4, Y8, Y12, Y16, so 
.... Y1020, and Y1024. For every Y-electrode to be 
scanned, the A-driver 52 applies proper display data to 
the A-electrodes A1 to A1280. 
[0095] Figure 19 shows the operation of the sequen- 
tial address generator 551 , Fig. 20 the operation of the 55 
1 -line-jump address generator 552, and Fig. 21 the 
operation of the 3-line-jump address generator 553. In 
Figs. 19 to 21 , 1 0 bits SLC0 to SLC9 are provided by the 



counter 54 for the 1024 Y-electrodes Y1 to Y1024. 
There are address signals addressO, address 1 , and the 
like. 

[0096] In Fig. 19, the Y-electrodes Y1 to Y1024 are 
sequentially scanned in order of Y1, Y2, Y3, Y4, .... 
Y1023, and Y1024. The sequential address generator 
551 uses the output signals SLC0 to SLC9 as they are 
to prepare the address signals addressO to address9. 
Higher address bits addresslO, adressll. and the like 
are determined according to sub-frame information, etc. 
[0097] In Fig. 20, the Y-electrodes Y1 to Y1024 are 

scanned in odd-even order of Y1 , Y3, Y5, Y7 Y1 021 , 

and Y1023, and then, Y2, Y4, Y6. Y8, .... Y1022, and 
Y1 024. The 1 -line-jump address generator 552 uses the 
output signals SLC0 to SLC8 to prepare the address 
signals addressl to address9, and the output signal 
SLC9 the address signal addressO. 
[0098] In Fig. 21, the Y-electrodes Y1 to Y1024 are 
scanned in order of Y1, Y5, Y9, Y13, Y1017, and 
Y1021, then, Y2, Y6, Y10, Y14, .... Y1018, and Y1022, 
then, Y3, Y7, Y11, Y15, .... Y1019, and Y1023, and 
them, Y4, Y8. Y12, Y16, .... Y1020, and Y1024. The 3- 
line-jump address generator 553 uses the output sig- 
nals SLC0 to SLC7 to prepare the address signals 
address2 to address9, and the output signals SLC8 and 
SLC9 to prepare the address signals addressO and 
addressl. 

[0099] Figure 22 is a block diagram showing a display 
according to the third embodiment of the present inven- 
tion. The display has a panel 61, an address driver (A- 
driver) 62, a Ydriver 63, a counter 64, an address gen- 
erator 65, a decoder 66, a memory 67, a cfifference 
detector circuit 681 , and a controller 682. 
[0100] The A-driver 62, Ydriver 63, and memory 67 
correspond to the address driver 23, Ydriver 24, and 
frame memory 29 of Fig. 4. The decoder 66 is installed 
in the scan driver controller 21 of Fig. 4. The difference 
detector circuit 681, controller 682, counter 64, and 
address generator 65 are installed in the display data 
controller 28 of Fig. 4. 

[01 01 ] The display of the third embodiment is charac- 
terized in that the controller 682 is capable of optionally 
specifying a scan sequence. Display data is supplied to 
the difference detector circuit 681 , which detects the dif- 
ference between display data for a scan start line and 
display data for each of the other lines. Here, the lines 
correspond to Y-electrodes. The controller 682 deter- 
mines a scan sequence so that the lines are scanned in 
ascending order of the differences between the scan 
start line and the other lines. Namely, EXORs are calcu- 
lated among the display data for the lines, and any line 
involving a smaller number of 1s is scanned earlier. 
[01 02] According to the scan sequence determined by 
the controller 682, the decoder 66 selects a line to scan, 
and the address generator 65 outputs corresponding 
address signals. The panel 61 may be divided into 
blocks each having a predetermined number (for exam- 
ple, 4 or 8) of lines, to simplify the structure of Fig. 22. 
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[01 03] Figure 23 is a block diagram showing a display 
according to the fourth embodiment of the present 
invention. This embodiment is based on the third 
embodiment of Fig. 22. A matrix panel 71 is divided into 
blocks in a scanning direction with each block contain- 
ing four lines, i.e., four Y-eJectrodes. In each block, a 
scan sequence of the four lines is optimized. 
[01041 The display of Fig. 23 has the panel 71, an 
address driver (A-driver) 72, a Ydriver 73, a scan coun- 
ter 74, an address generator 75, a scan sequencer 76, 
a memory 77, a difference detector circuit 781, a con- 
troller 782, and a scan sequence memory 783. 
[0105] The A-driver 72, Ydriver 73, and memory 77 
correspond to the address driver 23, Ydriver 24, and 
frame memory 29 of Fig. 4. The scan sequencer 76 is 
installed in the scan driver controller 21 of Fig. 4. The 
difference detector circuit 781, controller 782, scan 
sequence memory 783, scan counter 74, and address 
generator 75 are installed in the display data controller 
28 of Rg. 4. 

[01 06] Figure 24 is a block diagram showing an exam- 
ple of the difference detector circuit 781 . 
[01 07] The difference detector circuit 781 consists of 
four line memories 701 to 704 for storing display data for 
four consecutive lines, difference detectors 710 to 740 
for detecting the differences between input display data 
and the display data stored in the line memories 701 to 
704, and latches 71 1 to 714, 721 to 723, 731 , 732, and 
741 for latching the outputs of the difference detectors 
710 to 740 in response to latch control signals (strobe 
signals) L0 to L3. 

[0108] The line memories 701 to 704 receive display 
data for four consecutive lines and store them. The out- 
put of the difference detector 710 is latched by the four 
latches 71 1 to 714 in response to the latch control sig- 
nals L0 to L3 each having different timing. The output of 
the difference detector 720 is latched by the three 
latches 721 to 723 in response to the latch control sig- 
nals L1 to L3. The output of the difference detector 730 
is latched by the two latches 731 and 732 in response to 
the latch control signals L2 and L3. The output of the dif- 
ference detector 740 is latched by the latch circuit 741 in 
response to the latch control signal L3. 
[01 09] Figure 25 is a block diagram showing an exam- 
ple of the difference detector 710. The other difference 
detectors 720 to 740 have each the same structure as 
the difference detector 710. 

[01 1 0] The difference detector 71 0 has an exclusive 
OR (EXOR) circuit 7101 and a counter 7102 to count 
the number of unequal bits between input display data 
(a) for one line and the output (b) of the line memory 
701. 

[0111] Figure 26 shows a circuit for generating the 
latch control signals L0 to L3. 
[01 1 2] The latch signal generator 750 consists of a 2- 
btt counter 751 for receiving a horizontal synchronizing 
signal HSYNC and a 2-to-4 decoder 752 for converting 
a 2-bit signal into a 4-bit signal. Each of the latch control 
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signals L0 to L3 is provided once in a period in which 
four lines are scanned. The signals L0 to L3 are shifted 
from one another by a one-line-scan period as shown in 
Fig. 27. 

5 [01 1 3] Figure 27 is a timing chart shewing the opera- 
tion of the difference detector circuit 781 . 
[01 14] The operations of the difference detector circuit 
781 and display of the fourth embodiment will be 
explained with reference to Rg. 27. 

10 [0115] The outputs of the cfifference detectors 710 to 
740 are latched by the latches 71 1 to 714, 721 to 723. 
731, 732, and 741 in response to the latch control sig- 
nals L0 to L3. Here, a line "P" represents display data 
for the last line scanned in a block preceding a target 

is block. The differences between the display data for the 
line P and display data for four lines 1 to 4 of the target 
block are detected, and one among the lines 1 to 4 that 
provides the smallest difference with respect to the line 
P will be the first scan line in the target block. 

20 [0116] Once the first scan line in the target block is 
determined, one among the remaining three lines that 
has the smallest difference in display data with respect 
to the first scan line is selected as the second scan line. 
Similarly, a line having the smallest difference in display 

25 data with respect to the second scan line is selected as 
the third scan line. Then, the fourth scan line is deter- 
mined. These processes are carried out on every block 
of display lines on the panel 71, to determine a scan 
sequence of four lines in every block. The scan 

30 sequences thus determined to cover all lines are stored 
in the scan sequence memory 783. 
[01 1 7] In Rg. 27, display data for the lines P, 1 , 2, 3, 
and 4 are sequentially input. The line memory 701 
delays these data pieces by one line period each time, 

35 i.e., one horizontal synchronizing period and outputs 
them one after another. The line memory 702 delays the 
data pieces by two line periods each time and outputs 
them one after another. The line memory 703 delays the 
data pieces by three line periods each time and outputs 

40 them one after another. The line memory 704 delays the 
data pieces by four line periods each time and outputs 
them one after another. 

[01 18] The input display data and the outputs of the 
line memories 701 to 704 are supplied to the difference 

45 detectors 710 to 740, which count and output unequal 
bits as explained with reference to Rg. 25. The outputs 
of the difference detectors 71 0 to 740 are latched by the 
latches 711 to 714, 721 to 723, 731, 732, and 741 in 
response to the latch control signals L0 to L3. More pre- 

so cisely, the latch 711 latches the difference in display 
data between the lines P and 1 in response to the latch 
control signal L0. Here, the line P is the last line 
scanned in the preceding block, and the line 1 is the first 
line scanned in the target block. The latch circuit 712 

55 latches the difference in display data between the lines 
1 and 2 in the target block in response to the latch con- 
trol signal L1. The latch circuit 713 latches the differ- 
ence in display data between the lines 2 and 3 in the 
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target block in response to the latch control signal L2. 
The latch circuit 714 latches the difference in display 
data between the lines 3 and 4 in the target block in 
response to the latch control signal L3. 
[0119] Similarly, the latch circuit 721 latches the differ- 
ence in display data between the lines P and 2 in 
response to the latch control signal L1 . The latch circuit 
722 latches the difference in display data between the 
lines 1 and 3 in response to the latch control signal L2. 
The latch circuit 723 latches the difference in display 
data between the lines 2 and 4 in response to the latch 
control signal L3. In this way. the difference in display 
data between optional two of the lines P and 1 to 4 is 
detected and evaluated to determine a scan sequence 
that minimizes current and power consumption. After a 
scan sequence of four lines in every block is deter- 
mined, the determined scan sequences that cover all 
lines are stored in the scan sequence memory 783. 
[0120] The controller 782 reads the scan sequences 
out of the memory 783 and controls the scan sequencer 
76 and address generator 75, to scan the Y-electrodes 
through the Ydriver 73 according to the scan 
sequences. At the same time, the controller 782 pro- 
vides the A-electrodes with proper display data through 
the memory 77 and A-driver 72 according to the scan 
sequences. 

[01 21 ] Figure 28 is a block diagram showing an exam- 
ple of the scan sequencer 76 of Fig. 23. 
[0122] The scan sequencer 76 has a 2-to-4 decoder 
761 for converting a 2-bit signal into a 4-bit signal, a 
256-stage shift register 762, a 1/4 frequency divider 763 
for quartering the frequency of the scan clock signal 
SCLOCK, i.e. quadrupling the period of the signal 
SCLOCK, and AND circuits 764 to 767 for providing 
ANDs of the output signals selO to sel3 of the decoder 
761 and the outputs of the shift register 762 for each 
block. The 1024 Y-electrodes Y1 to Y1024 are divided 
into 256 blocks each containing four Y-electrodes. 
Accordingly, the shift register 762 sequentially scans 
the 256 blocks at the 1/4 frequency of the scan clock 
signal SCLOCK. 

[0123] When a block is scanned by the shift register 
762, the scanning sequence of four lines of the block is 
controlled according to the four control signals selO to 
sel3 that are prepared by decoding control signals 
CNT0 and CNT1 provided by the controller 782. At this 
time, the scanning sequence of four lines of each block 
is determined to minimize the current and power con- 
sumption of the A-driver 72. 

[01 24] Rgure 29 shows the operation of the address 
generator 75 of Fig. 23. 

[01 25] The address generator 75 uses output signals 
SLC2 to SLC9 of the scan counter 74 as they are to pro- 
vide address signals address2 to address9, and uses 
the control signals CNT0 and CNT1 from the controller 
782 to prepare address signals addressO and addressl . 
Output signals SLCO and SLC1 of the scan counter 74 
are not used. 



[0126] As a result, the A-driver 72 provides the 
addressing electrodes A1 to A 1280 with display data 
corresponding to one of the Y-electrodes Y1 to Y1024 
selected by the scan sequencer 76. 

5 [0127] The embodiments mentioned above may be 
combined in various ways. Although the embodiments 
relate to 3-electrode, surface-discharge AC PDP dis- 
plays, embodiments of the present invention are appli- 
cable to a variety of matrix-electrode-scanning displays 

70 such as PDP displays, EL displays, LCDs, VFDs, and 
LED displays. 

[0128] As explained above, the displays and display 
driving methods of embodiments of the present inven- 
tion are capable of reducing the current and power con- 
15 sumption of an address driver without deteriorating the 
quality of images to display. 

[0129] Many different embodiments of the present 
invention may be constructed without departing from 
the spirit and scope of the present invention, and it 
20 should be understood that the present invention is not 
limited to the specific embodiments described in this 
specification, except as defined in the appended claims. 

Claims 

25 

1 . A display having a panel, and first and second elec- 
trodes; said first and second electrodes defining a 
matrix of cells on said panel; said second elec- 
trodes, which correspond to lines of said cells, 
30 being scanned to select cell lines one by one; said 
first electrodes being driven to set display data for a 
selected one of said cell lines, wherein said display 
comprises: 

35 a sequence setting unit for setting sequences 

of scanning said second electrodes; and 
a sequence selection unit for selecting one of 
the sequences. 

40 2. A display as claimed in claim 1, wherein said dis- 
play further comprises: 

a difference detection unit for detecting differ- 
ences between display data set for said cell 
45 lines so that one of the sequences that mini- 

mizes the differences is selected. 

3. A display as claimed in claim 1 , wherein said dis- 
play further comprises: 

50 

a difference detection unit for detecting differ- 
ences between display data set for said cell 
lines; and 

an upper limit setting unit for setting an upper 
55 limit so that one of the sequences that sup- 

presses the differences to below the upper limit 
is selected. 
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4. A display as claimed in any preceding claim, 
wherein the sequences are set based on powers of 
two. 

5. A display as claimed in any preceding claim, 
wherein: 

said sequence setting unit divides said second 
electrodes into blocks and sets sequences of 
scanning said second electrodes block by 
block; and 

said sequence selection unit selects one of the 
sequences in each of said blocks. 

6. A display as claimed in any preceding claim, 
wherein said first electrodes are addressing elec- 
trodes, and said second electrodes are scan elec- 
trodes. 

7. A display as claimed in claim 6, wherein said dis- 
play further comprises: 

an address driver for driving said addressing 
electrodes; 

a current/power value detection unit for detect- 
ing a current or power value of said address 
driver; and 

a sequence changing unit for changing a 
sequence of scanning said second electrodes 
to minimize the current or power value. 

8. A display as claimed in claim 7, wherein said dis- 
play further comprises: 

a current/power value evaluation unit for evalu- 
ating a current or power value of said address 
driver according to display data set for said cell 
lines so that one of the sequences that mini- 
mizes the current or power value is selected. 

9. A display as claimed in claim 7, wherein said dis- 
play further comprises: 

a reference value setting unit for setting a refer- 
ence value so that one of the sequences that 
suppresses the current or power value to below 
the reference value is selected. 

10. A display as claimed in claim 7, wherein said dis- 
play further comprises: 

a current/power value evaluation unit for evalu- 
ating a current or power value of said address 
driver according to display data set for said cell 
lines; and 

a reference value setting unit for setting a refer- 
ence value so that one of the sequences that 
suppresses the current or power value to below 



the reference value is selected. 

11. A display as claimed in claim 7, wherein said dis- 
play further comprises: 

5 

a currerrt^ower value evaluation unit for evalu- 
ating a current or power value of said address 
driver beforehand according to display data set 
for said cell lines; and 
10 a reference value setting unit for setting a refer- 

ence value so that one of the sequences that 
suppresses the current or power value to below 
the reference value is selected. 

is 12. A display as claimed in any preceding claim, 
wherein said display further comprises: 

a display data supplying unit for supplying dis- 
play data line by line to said first electrodes 
20 according to the selected sequence of scan- 

ning said second electrodes. 

13. A display as claimed in any preceding claim, 
wherein said display is a plasma display; a frame of 
25 tisplay data is divided into a plurality of sub-frames 
that are selectively combined to display gradations; 
and each of the sub-frames at least includes an 
addressing period and a sustain period. 

30 14. A display as claimed in any preceding claim, 
wherein said panel is a three-electrode surface-dis- 
charge alternating-current plasma rfsplay panel 
having third electrodes that run in parallel with said 
second electrodes and applying an alternating volt- 

35 age to said second and third electrodes to repeat a 
sustain discharge. 

15. A display having a panel, and first and second elec- 
trodes; said first and second electrodes defining a 

AO matrix of cells on said panel; said second elec- 
trodes, which correspond to lines of said cells, 
being scanned to select cell lines one by one; said 
first electrodes being driven to set display data for a 
selected one of said cell lines, wherein said display 

45 comprises: 

a sequence setting unit for optionally setting a 
sequence of scanning said second electrodes. 

so 16. A display as claimed in claim 15, wherein said dis- 
play further comprises: 

a difference detection unit for detecting differ- 
ences between display data set for said cell 
55 lines so that said second electrodes are 

scanned in a sequence to minimize the differ- 
ences. 
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17. A display as claimed in claim 15, wherein said dis- 
play further comprises: 

a difference detection unit for detecting differ- 
ences between display data set for said cell 
lines; and 

an upper limit setting unit for setting an upper 
limit so that said second electrodes are 
scanned in a sequence to suppress the differ- 
ences to below the upper limit 

18. A display as claimed in claim 15, 16 or 17, wherein 
said sequence setting unit divides said second 
electrodes into blocks and sets a sequence of scan- 
ning said second electrodes in each of said blocks. 

19. A display as claimed in any one of claims 15 to 18, 
wherein said first electrodes are addressing elec- 
trodes, and said second electrodes are scan elec- 
trodes. 

20. A display as claimed in claim 19, wherein said dis- 
play further comprises: 

an address driver for driving said addressing 
electrodes; 

a currentfacwer detection unit for detecting a 
current or power value of said address driver; 
and 

a sequence changing unit for changing a 
sequence of scanning said second electrodes 
to minimize the current or power value. 

21. A display as claimed in claim 20, wherein said dis- 
play further comprises: 

a currentfaower evaluation unit for evaluating a 
current or power value of said address driver 
according to display data set for said cell lines 
so that said second electrodes are scanned in 
a sequence to minimize the current or power 
value. 

22. A display as claimed in claim 20, wherein said dis- 
play further comprises: 

a reference value setting unit for setting a refer- 
ence value so that said second electrodes are 
scanned in a sequence to suppress the current 
or power value to below the reference value. 

23. A display as claimed in claim 20, wherein said dis- 
play further comprises: 

a current/jaower evaluation unit for evaluating a 
current or power value of said address driver 
according to display data set for said cell lines; 
and 



24 

a reference value setting unit for setting a refer- 
ence value so that said second electrodes are 
scanned in a sequence to suppress the current 
or power value to below the reference value. 

5 

24. A display as claimed in claim 20, wherein said dis- 
play further comprises: 

a current/power evaluation unit for evaluating a 
10 current or power value of said address driver 

beforehand according to display data set for 
said cell lines; and 

a reference value setting unit for setting a refer- 
ence value so that said second electrodes are 
75 scanned in a sequence to suppress the current 

or power value to below the reference value. 

25. A display as claimed in any one of claims 15 to 24, 
wherein said display further comprises: 

20 

a display data supplying unit for supplying dis- 
play data line by line to said first electrodes 
according to the determined sequence of scan- 
ning said second electrodes. 

25 

26. A display as claimed in any one of claims 15 to 25, 
wherein said display is a plasma cfisplay ; a frame of 
display data is divided into a plurality of sub-frames 
that are selectively combined to display gradations; 

30 and each of the sub-frames at least includes an 
addressing period and a sustain period. 

27. A display as claimed in any one of claims 15 to 26, 
wherein said panel is a three-electrode surface-dis- 

35 charge alternating-current plasma display panel 
having third electrodes that run in parallel with said 
second electrodes and applying an alternating volt- 
age to said second and third electrodes to repeat a 
sustain discharge. 

40 

28. A method of driving a display having a panel, and 
addressing and scan electrodes, said addressing 
and scan electrodes defining a matrix of cells on 
said panel; said scan electrodes, which correspond 

45 to lines of said cells, being scanned to select said 
cell lines one by one; said addressing electrodes 
being driven to set display data for a selected one of 
said cell lines, wherein said method comprises the 
steps of: 

50 

setting sequences of scanning said scan elec- 
trodes; 

detecting a current or power value of an 
address driver for driving said addressing elec- 
55 trodes; and 

selecting one of the sequences in accordance 
with the detected current or power value. 
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29. A method of driving a display as claimed in claim 
28, wherein the sequences are set based on pow- 
ers of two. 

30. A method of driving a display having a panel, and s 
addressing and scan electrodes, said addressing 
and scan electrodes defining a matrix of cells on 
said panel; said scan electrodes, which correspond 

to lines of said cells, being scanned to select said 
cell lines one by one; said addressing electrodes 10 
being driven to set display data for a selected one of 
said cell lines, wherein said method comprises the 
steps of: 

detecting a current or power value of an is 
address driver for driving said addressing elec- 
trodes; and 

optionally setting a sequence of scanning said 
scan electrodes in accordance with the 
detected current or power value. 20 

31. A method of driving a cfisplay as claimed in claim 
30, wherein said method further comprises the 
steps of: 

25 

dividing said scan electrodes into blocks; and 
setting a sequence of scanning said scan elec- 
trodes in each of said blocks. 
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Fig. 2 
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[CHECKERED PATTERN] 



Fig.12A 



DATA (DISPLAY PATTERN) 

A1 A2 A3 AA 
l I I I 

Y1 -1-0-1 -0- 

i Y i i 
Y2-0-1-0-1- 
, _ i i i i 

Y3- 1-0-1 -0- 
i i i i 

Y4-0-1 -0-1- 
i i i i 



Fig.12B 
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Fig.15 
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Fig.16 
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Fig.21 
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